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(3) Electrically conductive coating composition. 

@ An electrically conductive coating composition which 
comprises (a) a dispersion of carbon black or a mixture of 
carbon black and graphite in an organic solvent and (b) a 
solution of a polymer in an organic solvent, the viscosity of 
the composition beng higher than those of the dispersion (a) 
and the solution (b) being homogeneous and stable, a 
coating flim formed therefrom having a low volume resis- 
tivity. 
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ELECTRICALLY CONDUCTIVE COATING COMPOSITION 

The present invention relates to an electrically 
conductive coating composition. 

An electrically conductive coating composition, in 
■which electrically conducting carbon black or a mixture of 
carbon black and graphite is dispersed in a solution of a 
polymer in an organic solvent, has good electrical proper- 
ties and is used as an electrical part material or a con- 
structional material in various fields. 

Generally, the electrically conductive coating 
composition is prepared by mixing powdery carbon black or 
graphite and the polymer homogeneously in the organic 
solvent. It is, however, very difficult to disperse carbon 
black or graphite homogeneously and stably in the polymer 
solution as a composition base, since the specific gravi- 
ties, particle sizes and f lowability' of the components are 
different. It is also difficult to obtain a coating film 
having a desired volume resistivity with good reproducibil- 
ity. When the dispersion is not homogeneous, an increased 
amount of carbon black or graphite does not proportionally 
decrease the volume resistivity of the coating film. 

There are known various processes for dispersing 
carbon black or the mixture of carbon- black and graphite in 
the polymer solution homogeneously including a process which 
comprises mixing the electrically conducting material and 
the polymer with a twin roll or a mixer and mixing the 
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resulting mixture in the organic solvent to obtain a coating 
composition, and a process which comprises mixing the 
electrically conducting material and the polymer in the 
organic solvent with a ball mill to obtain a coating .com- 
position. 

In the former process, however, a coating film 
formed from the coating composition is not homogeneous and 
has a high volume resistivity, and the reproducibility is 
bad, since the particle sizes of carbon black and of the 
polymer are greatly different. When the mixture is strongly 
agitated with a mechanical mixer in order to disperse carbon 
black in the solution, the structure of electrically con- 
ductive carbon black is destroyed, and the volume resistiv- 
ity of the coating film is not lowered while the components 
are dispersed homogeneously. 

In the latter process, in which the viscosity of 
the mixture becomes high during mixing and a homogeneous 
mixture is hardly obtainable, the viscosity is lowered by 
lowering the concentration of the solution or the amount of 
the added electrically conducting material so that only a 
coating composition which affords a coating film having a 
high volume resistivity is obtained. 

As a result of the extensive study to prepare a 
solvent base electrically conductive coating composition in 
which a large amount of carbon black or a mixture of carbon 
black and graphite (hereinafter referred to as "electrically 
conducting material") is dispersed homogeneously in a 
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polymer solution, it has now been found that a mixture of a 
homogeneous dispersion of the electrically conducting 
material in an organic solvent prepared with, for example, a 
ball mill and a solution of a polymer in an organic solvent 
has desired properties. 

According to the present invention, there is 
provided an electrically conductive coating composition 
which comprises (a) a dispersion of carbon black or a 
mixture of carbon black and grahpite in an organic solvent 
and (b) a solution of a polymer in an organic solvent, the 
viscosity of the composition being higher than those of the 
dispersion (a) and the solution (b) . 

Since the electrically conducting carbon black has 
a great specific surface area and great oil absorption, its 
mixture with the polymer solution has high viscosity and it 
is hardly possible to obtain a homogeneous dispersion. 
However, in the present invention, the electrically conduct- 
ing material is mixed in the organic solvent in a concent- 
ration of from 5 to 15 % by weight to give a homogeneous 
dispersion having a low viscosity of, for example, about 100 
to 5,000 cp, preferably about 100 to 2,000 cp, and the 
resulting dispersion is easily mixed with the polymer 
solution having a low viscosity of, for example*, about 1,000 
to 5,000 cp, preferably about 1,000 to 3,000 cp. Thus, a 
homogeneous dispersion of the electrically conducting 
material in the polymer solution is obtained. When the 
aqitation of the dispersion is continued, the viscosity of 
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the dispersion rises gradually and becomes, for example, j.i 
about 5,000 to 100,000 cp, preferably about 6,000 to 20,000 j| 
co, which is higher than those of the dispersion (a) or the || 
solution (b) . The coating composition of the invention has j-| 
cood stability and may contain a greater amount of the t j 
electrically conducting material than the conventional ones. 3 
For example, even when 10 to 200 parts by weight of the 
electrically conducting material to 100 parts by weight of 
the polymer is contained, the homogeneous coating composi- 
tion is easily prepared. Thus, the volume resistivity of 
the coating film formed from the coating composition of the 

invention is very low. 

Carbon black as the electrically conducting 
material preferably has DE oil absorption of from 100 to 400 
ml/lOOg and an average particle size of from 10 to 70 mu. 
Specific examples of carbon black is acetylene black, 
furnace black, channel black, thermal black, etc. Graphite 
may be natural or synthetic crystalline one having a parti- 
cle size of from several micron to some hundred micron. The 
amount of the electrically conducting material to be con- 
tained is from 10 to 60 % by weight on the basis of the 
total weight of the coating composition. 

When the mixture of carbon black. and graphite is 
used, the weight ratio of the. former to the latter varies 
with their total amount in the coating composition as 
follows : 
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Table 1 



Total amount of carbon 

black and graphite in 

the composition (% by wt.) 


Weight ratio of 
carbon black and 
graphite (wt./wt.) ! 


1 <10 ! 10/0 - 8/2 

1 i 


10 - 20 ! 9/1 - 6/4 


20 - 30 


8/2 - 5/5 


30 - 40. 


. 7/3 - 3/7 


40< 


6/4 - 1/9 



Preferred polymers are f luoroelastomers , urethane 
elastomers and vinyliden fluoride/ tetraf luoroethylene 
copolymers, and the f luoroelastomers are most preferred. 

The f luoroelastomer may be a highly fluorinated 
elastic copolymer, preferably comprising about 40 to 85 % by 
mol of units of vinylidene fluoride and about 60 to 15 % . by 
mol of units of at least one of other fluorine-containing 
ethy lenically unsaturated monomers copolymerizable 
therewith. As the f luoroelastomer , there may be also used 
any fluorine-containing elastomer bearing iodine on the 
polymer chain, preferably an elastic copolymer which bears 
about 0.001 to 10 % by weight, particularly about 0.01 to 5 
% by weight of iodine, and comprises about 40 to 85 % by mol 
of units -of vinylidene fluoride and about 60 to 15 % by mol 
of units of at least one of other fluorine-containing 
ethy lenically unsaturated monomers copolymerizable therewith 
(cf. Japanese Patent Publication (unexamined) 
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No. 40543/1977) . Specific examples of the fluorine- 
containing ethylenically unsaturated monomers as above 
stated are hexaf luoropropylene , pentaf luoropropy lene , 
trifluoroethylene, trif luorochloroethylene , tetrafluoro- 
ethylene, vinyl fluoride, perfluoro (methyl vinyl ether), 
perfluoro (ethyl vinyl ether), perfluoro (propyl vinyl ether), 
etc. Among various f luoroelastotners , preferred are vinyli- 
dene f luoride/hexaf luoropropylene copolymer, vinylidene 
fluoride/tetrafluoroethylene/hexaf luoropropy lene terpolymer, 

etc . 

The organic solvent may be a lower alcohol or a 
lower ketone. The specific examples of alcohol are meth- 
anol, ethanol, propanol, ethylene glycol, carbitol and 
cellosolve. The specific examples of ketone are methyl 
ethyl ketone, methyl isopropyl ketone, etc. For preparing 
the dispersion of the electrically conducting material, 
iscphorone, toluene, xylene, etc. may be also used in- order 
to adjust an evaporation rate. 

In addition to the above components, optional 
additives such as a surfactant, a curing agent, an acid 
acceptor, and a filler may be added to the coating composi- 
tion of the invention. 

The surfactant-is used mainly -when- the .electri- . 
cally conducting material is dispersed in the organic 
solvent in order to help homogeneous dispersion. The 
surfactant may be any conventional one. The specific 
examoles cf the surfactant are nonionic ones (eg. sorbitan 
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monooleate, alkylalkylolamides , etc.), anionic ones (eg. 
sodium salt of lauryl alcohol sulfate, , etc. ) and cationic 
ones (eg. oxyethy lenedodecy lamine , etc.). Higher aliphatic 
acid esters (eg. butyl stearate , etc . ) may be also effective 
in dispersing the electrically conducting material 
) / homogeneously. The amount of the surfactant may be from 1 

- to 30 % by weight/ preferably from 4 to 15 % by weight on 

the basis of the weight of the electrically conducting 
r, material. 

As the curing agent, an aminosilane compound, an 
amine compound or a mixture thereof may be used. 

Preferred examples of the aminosilane compound 
are Y-aminopropyltriethoxysilane , N-8-aminoethyl-Y-amino- 
propyltrimethoxysilane, N- ( trimethoxysilylpropyl) ethylene- 

j diamine , N-B-aminoethyl-Y-aminopropy Imethy ldimethoxysilane , 

Y-ureidopropyltriethoxysilane, 8-aminoethy 1-3-aminoethy 1- y- 

2r aminopropyltrimethoxysilane , etc. 

Preferred examples of the amine compound are ones 
having at least one terminal amino group directly bonded to 
an aliphatic hydrocarbon group. The specific examples of 

i- the amino compound include monoamines (e.g. ethylamine, 

propylamine, butylamine, benzy lamine, allylamine, 
n-amy lamine , ethanolamine) , diamines (e.g. ethylenediamine , 
trimethylenediamine , tetramethy lenediamine , hexamethy lene- 
dianine , 3 , 9 -bis ( 3-aminopropy 1 ) -2,4,8 , 10-tetraoxasniro- 
[ 5 . 5 ] undecane) and polyamines (e.g. diethy lenetrianine , 

in trie thy lenetetraamine , tetrnethy lenepentaamine , pent a- 
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ethy lenehexaamine) . Among them, those having at least two 
terminal amino groups are particularly preferred. 

The amount of the curing agent may be usually from 
1 to 30 parts by weight, preferably from 1 to 20 parts by 
weight to 100 parts by weight of the polymer. When the 
mixture of the aminosilane compound and the amine compound 
is used, the total amount of them may be within the above 
range, the molar ratio of the former to the latter being 
preferably from 1:99 to 90:10. 

The acid accepter may be any conventional one as 
used in curing the polymer. Examples are oxides and -hydrox- 
ides of divalent metals (e.g. magnesium, calcium, zinc, 
lead). As the filler, there may be exemplified silica, 
clay, diatomaceous earth, talc, etc. 

The coating composition of the invention may be 
applied onto a substrate by a conventional procedure (e.g. 
brushing, dipping, spraying) and cured at a temperature 
usually of from room temperature to 400°C, preferably of 
from 100 to 400°C for an appropriate period of time to give 

a coating film. 

The present invention will be illustrated in 

detail by the following Examples. 
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Example 1 

A mixture cf acetylene black, and graphite (100 g, 
7:3 by weight), magnesium oxide (5 g) , methyl isobutyl 
ketone (395 g) and 3 , 9-bis (3-aminopropyl) -2 , 4 , 8 , 10- 
tetraoxaspiro-[5.5]undecane (hereinafter referred to as 
"V-ll") (3 g) were mixed in a ball mill for 14 hours to 
obtain a dispersion having a viscosity of 630 cp. 

A vinylidene f luoride/hexaf luoropropylene/ tetra- 
f luoroethylene copolymer ("Daiel G-501" manufactured by 
Daikin Kogyo Co., Ltd.) (150 g) was dissolved in methyl 
ethyl ketone (500 g) to obtain a solution having a viscosity 
of 2,500 cp. 

The dispersion and the solution were mixed and 
agitated at high speed. The viscosity rose gradually to 
give a coating composition having a constant viscosity of 
60,000 cp. The composition was coated on a polyester film 
with a doctor blade and dried at 160°C for 30 minutes to 
give an electrically conductive film of about 25 u thick 
having a volume resistivity of 0.060 ftcm. 

Example 2 

In the same manner as in Example 1 but usinn 
methyl ethyl ketone (400 g) in place of methyl isobutvl 
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ketone, a dispersion having a viscosity of 580 cp was 
prepared. 

Urethane rubber ( "Pandex-5167 " manufactured by 
Dainippon Ink and Chemicals, Inc.) (100 g) was dissolved in 
dimethylacetamide (400 g) to obtain a solution having a 

viscosity of 2,800 cp. 

The dispersion and the solution were mixed and 
agitated at a high speed to give a coating composition 
having a viscosity of 45,000 cp. In the same manner as in 
Example 1, from the coating composition, an electrically 
conductive film of about 26 U thick having a volume resis- 
tivity of 0.068 Hen was formed. 

Comparative Example 1 

All the components used in Example 1 were added in 
a ball mill from the start and mixed for 18 hours. The 
composition had a viscosity of 45,000 cp but was not homo- 
geneous. A film formed from the composition had a volume 
resistivity of 0.44 flcm. 

Comoarative Example 2 

All the components used in Example 1 except the 
solvent were mixed with a twin roll for 30 minutes, and then 
the mixture was dispersed in the solvent. In the same 
manner as in Example 1, a coating film was formed from the 
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dispersion. The volume resistivity of the film was 
0.32 ftcm. 

Example 3 

A mixture of furnace black and graphite (150 g, 
4:6 by weight) , magnesium oxide (5 g) and methyl ethyl 
ketone (995 g) were mixed in a ball mill for 13 hours to 
obtain a dispersion having a viscosity of 150 cp. 

A f luoroelastomer ("Daiel G-901" manufactured by 
Daikin Kogyo Co., Ltd.) (100 g) was dissolved in methyl 
ethyl ketone (300 g) to obtain a solution having a viscosity 
of 4,500 cp. 

The dispersion and the solution were mixed in the 
same manner as in Example 1 to obtain a coating composition 
having a viscosity of 8,000 cp. A mixture of the coating 
composition, V-ll (3 g) and methyl ethyl ketone (3 g) was 
formed into a film having a volume resistivity of 0.02 ffcm. 

The coating composition was homogeneous although 
it contained 150 parts by weight of the electrically conduc- 
ting material to 100 parts by weight of the f luoroelastomer . 
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What is claimed is: 

1. An electrically conductive coating composition 
which comprises (a) a dispersion of carbon black or a 
mixture of carbon black and grahpite in an organic solvent 
and (b) a solution of a polymer in an organic solvent, the 
viscosity of the composition being higher than those of the 
dispersion (a) and the solution (b) . 

2. The composition according to claim 1, wherein 
the concentration of carbon black or the mixture of carbon 
black and graphite in the dispersion (a) is from 5 to 15 % 
by weight, and the viscosity of the dispersion is from 100 
to 5,000 cp, preferably from 100 to 2,000 cp. 

3. The composition according to claim 1, wherein 
carbon black is at least one selected from the group 
consisting of acetylene black, furnace black, channel black 
and thermal black. 

4. The composition according to claim 1, wherein 
the concentration of the polymer in the solution (b) is from 
10 to 30 % by weight, and the viscosity of the solution is 
from 1,000 to 5,000 cp, preferably from 1,000 to 3,000 cp. 

5. The composition according to claim 1, wherein 
the polymer is at least one selected from the group 
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consisting of f luoroelastomers , urethane elastomers and 
vinylidene fluoride/ tetraf luoroethylene copolymers. 

6. The composition according to claim 1, wherein 
the viscosity of the composition is higher than 5,000 cp and 
lower than 100,000 cp, preferably from 6,000 to 20,000 cp, 

7. The composition according to claim 1, wherein 
the weight ratio of carbon black or the mixture of carbon 
black and graphite to the polymer is from 0.1:1 to 1.5:1. 

8. The composition according to claim 1, wherein 
volume resistivity of a film formed from the composition is 
from 0.3 to 0.01 flcm. 

9. The. composition according to claim 1, wherein 
the solid content in the composition is from 10 to 4 0 % by 
weight. 
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@ Electrically conductive coating composition. 

© An electrically conductive coating composition which 
comprises (a) a dispersion of carbon black or a mixture of 
carbon black and graphite in an organic solvent and (b) a 
solution of a polymer in an organic solvent, the viscosity of 
the composition being higher than those of the dispersion (a) 
and the solution (b) being homogeneous and stable, a 
coating film formed therefrom having a low volume resis- 
tivity. 
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